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(54) CnOCOB W3rOTOB/1EHHfl rOOPMPO- 

BAHHOrO CTA/lbHOrO n/lACTblPfl 

(57) CytHMocTb vt3o6peTCHH*: TepMoo6ps6oTKy 

n/lBCTUp* TOKaMM &WCOKO* waCTOTbl ocymecT- 

8/ift*oT nocne ro4>pMpoB3Nua. a cwaaoMHua 
aioft hbhocat nOBTOpHO noc/ie ox/ia^men**. 
npeA^araeMbiPi cnocoS n038o/iaeT 3a c^eT no- 
BumeHW* n/iacrviwux cboACtb MeTanna na- 
AexHC o6ecneMWTb repMe™33MwK> 
peMOHTupyeMOro yMacTxa CKea^MHW. 1 rao*. 



• WaoepereHMe othocwtch k o6pa6oTxe Me- 
Tanna ABBiieHMdM, B MaCTHOCTH K TeXMOAOniVI 

MarcrroaneHHn ro<t>pwpoB8MHwx Tpy6, 

Ochobmumh onepaumtMM & TexHonofwe- 
ckom npouecce waroToaneHwa tohkoctchhmx 
ro<t>pMpOBaMHWX Tpy6 woiirtetcfl xo/iOAna* Ae- 
<j>opMau*fl,!HaTipWMep BanoneMHe w npOKanca 
Tpyb, xMMM^ecicaR o5pa6oTK3. YepMWsecica* 
o6pa6oTKa chatwr ocraTO^Hwx Hanpaxe- 
hh^ bo3kvmc3K)iuvix b peayAbtaTe Ae^opna- 

UVtw H npO^VWMpOBaHHfl MCTOAOM HdXSTlCM. 

W38ecT9M cnoco6 H3roroa*eHwii rpy6 c 
npoAont,HtfM« ro<t>p3M* nyreM AByxaTannoro 
xt>opMOB3MV*« Tpy6u-aaroTOBicw, npMM6M M3 
nepaoM 3Tane ee ro4>pwpyiOT paAwa/iVHUMH 

yCM/1M5»MM. B H3 BTOPOM 3T3HC O0*V»M3IQT B 

npo4>w/tnpoaaMHOf< BO/ioice. 

Oa^bko ooaHvocatouiue b pe3y/ibrare 
cncwHOfl Ae<t>opMauHii ocraTosHwe HanpH*e- 
mm* ne A3«>? aoct3Tommo* nonepeMMOft npOM- 

HOCTW, M«5Ta/l/l CT3HOBHTC* XpyHKMM M 



HenpHfOAQH b KaMectae .mactbipa npn peMOH- 
T8 o6caAHOfit K0A0HHM B CKBa*WHe. 

£na chatm* octatwHbix HanpaaceHM* rpy- 
6wnoABepraiOTTepMWMecKOft o6pa6oT*e - ox- 
xcwry « ne*mx wna nCO-06 wima P CO-09 ^ 
nonyMeHMfl Ha tpy5ax o»cmcho« n/ieHKw, ew- 
no/tH«iOiue<i <J>yHKiutw noAMa30MHoro noKpw- 
tmr w o6*oAaiomeA aoct3Tomhom 
nopwCTOCTbio n aACOp6uviowHO^ cnoco6HO- 

CtbK) K CM83KB. 

WlSBecreM Taiwe cn6co6, npw kotopom 
TOHKOcreHHbte npo4>w/ibHtae rpy6w npaB5»T 
pacTR k6hm cm vi pa3A3He& c HarpeBOM na 3/^eK- 
TpoTepMWMecxoM o6opyA0B8Hwn. Cna^a/ia 3a- 
rorOBKy Tpy6w HarpesaiOT tokbmvi 
conpOTHBWHwrt ao TQMoeparypbi oT>Knra» a 
saTeM nocne ox/ia*Aewvi* paaAawr npn homo- 

HeAOCTaTOK cnoco6a 3aioi?oMaeTCP a tom. 

HTO np0 H3/lO)KeHMW ft/tBCTUpA ^3 HBOTOXKen- 

hwx Tpy6 MOxeT npowcxoawTb pa3pua no 
np<x|yw/ibHo^ ot>paayK>mea. a npw Ha/ioxceriww 
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nAacTwpfl us oToaoxenHux Tpy6 c nocneayKr 
iumm ro4>pKposaMvieMMO>KeT r.poncxoflMT b o6- 
pa3oeaHne.MWKpoTpemwH bo enaAHnax w na 
ewCTynax npoAOflbHux ro<J>p npn AG<t>opMaunn 
mx ao uwm/it4APUMecKOM 4>opMw, KorAa ee rmoT- 
mo npn>KMMaK>T (HaxaTbiaajOT) AOpMupyxDmeA 
ronOBKOrt * BMyTpeHHe* noBepxnocru o6caA~ 
ho* xonoHMW. B peayni/rare ne o6ecnenwaa- 
ercA naAtJ^HocTb repMeTwaauwn H3-33 
MM3K0M n/i8CTHMMOCTM MeTanna ro^pupoeaH- 
HOrO n/iacTupa. 

Ue/tbto n3o6pereHM« wanAetcn nosbiiue* 
Hue HaAettHoc™ repMeTwaauwvi o6ca>xeHHoa 
cKBaxcviMU nyieM noDbiujCHMR nnacTM^HOCTw 
MeTanna n/iacTwpa. 

CyiuHoctb w3o6pereHii« aaxmOMaexca b 
tom, hto TepMOo6pa6oTxy tok3mh bmcoxow na- 
ctotw ocyiiueCTBn«K>T nocne fo$pKpoBanna. a 

.3*TeM OOBTOpHO HaHOCflT CMaSOHHbl* cno*. 

B peaynbtaxe 3HaKonepeMeHrtbix Ae$opj 
wai;nft, KOTOpwM noAaepraenc« MeTanna Tpy6 
npw ro<J>p"pOG3HHii xax b npouecce w3roToa- 
jiemia nnacYbipe*. Tax m npu pa3Aase e npo- 
uecce yCTaMOBKVl B CKBaWUHaX. npOMCXOAMT 

3MaMMTe/ibHoe ynpowHeHwe MeTanna. npunew 
Havi6o/ibiiine 3HaMenna ynpoweHMvi npwxOA- 
jvrca Ka anaAwHW ro<ppwpoBaHHwx Tpy6. 

H3MeHeMiie tocpaoctm (Hv) dan* Mapxn 
10 npu repM006pa6oTKe. ro<t>pwpoaaHwn vi 
pasAa^e rinaCTupa noxaaaHO 0 Ta6/nme. 

1/la Tafinviuw bwaho. MTOTBepAOCTb MeTan- 
na nnacTwpa nocne paa^ami b oGcaAHoft Tpy- 
6e AOCTwraeT h3m6oauujux 3HaMeHMft. ecnn 
nnacrupb- w3roraBnvt6anc« wa neTepMOo6pa- 
6oTaHHOfi Tpy6w. Rpvi M3roToeneHvtM nnactbi- 
pea M3 npeAaapvireAbHO TepMO06pa6oTaMMbix 
Kpyrmdx Tpya npw ro<J>pvtpoBaHiiM TBepAOcrb 
MecxoribKO CHwaoexc* no cpaeHeHwto c Herep- 
MOo6pa6oTaHHbiMn aaroTOBxaMH. ho nocne 
paaAaHM TsepAOCTb 003pacTaer oomtm ao to* 
xe senuMWHbi. *rro m 5es TepMOo6pa6oTxw. (1o- 
cne TepMnsecxo^ o6pa6oTKM ro$pwpoB3HHwx 
Tpy6 c MiarpeeoM ToxaMM eucoxow voctotu 

TBepAOCTb MX CHVDK36TCR 3H3HHTCnbH0. a 00- 

cne pa3AaMw ona MeHbiue. mom y neTepMOoS- 
pa6oTaHHbtx. 

B oTmiwe ot neMMoro una ra30Boro Ha- 
rpeea npu o6pa6oTKe saroToexw ToxaMM bucO- 
xoa ^acxoTW npowcxoAWT He3H34wTenbHoe 
M3MeHeMi*e<>0PMw ee npo<t>wrtA, Ha nonepxHo- 
crv» Tpy6w 06pa3yeTc« tohxw* cnofl oxanwHU. 
KOTOpbift'Me oTcnawBaeTCfl b npouecce Ae<t>op- 
msumm - oa3AaMM. CMa30MHwa cnoa HaHOCWT- 
CP Hd BHyTpeMMKJK) noBep^MOCTb 
OTO**eMHbix npoAonbHO-ro<j)pvipoBaHMWx 
Tpy6 nocne oxnaxA6HM». Oh npeAOxpanaei 

BMyTpeMHK)K) OOBepXMOCTbOT KOpp03HOHHOrO 

pa3pyuieHw» b npouecce 3xcnnyaTauw^ « cmvi- 
seen** dceobix ycw/ii4ii b npouecce paaaaw 
nnacTWpea. — 



fl p m m c p. pCMOHta o6caAH0H ko- 

8 mm nnacTbipb v»3roTasnnBa»OT ws tohxoctcm- 
how Tpy6bi ii^aMerpOM 130 mm c toauumhoA 
5 creHxn 3 mm h3 cranvi Mapxn 10. flnviHa TpySw 
9-11,5 m. 

Ha ©HyTpeHHtoK) nOaepxHocTb ipy6w na- 

HOCAT C/10V1 fpa(t>WTOBOa ApyroC* CM33KM. 

npeAH33H3HCHHOia An« CHM)xenM» ycn/iufi ro<|>- 
10 pvtpoaaHnfl. ro4>pMpOBBHWe unnviHApw^ecxoa 
tpy&b* npow3BOA*T Ha cneuvianbHoA ycTaHOB- 
xe sepe3 ponnKoayw ronOBxy c BHyTpeHnea 
npo<t>wnbHoaonpaaKOfl. no/iyMaeTc« npOAo/ib- 
HO-ro<l>pvipOBaHHa» Tpy6a c napyxHWM A^a- 
15 MCTpOM 116 mm h mmcaom ro<t>p 6 vim* 8. 3axeM 
npon3BOAMTCfl pvwOBxa ro<t>pnpoBaHHOii Tpy- 
6w noc/ie OTpeaxn ee na 3aAaMMy»o A^^Hy. 

3aTeM npo^eoA^TCR TepMtmecxa« o6pa- 
6oTxa npOAO»bHo-ro<$>pwpOBaHHo* Tpy6w - 
20 HopMannaauwn c NarpeaoM TOxaMM bwcoko^ 
sacTotbi Ha ycTaMoaxe BMP 30/6. Hpvi stom 
npoA0nbH0T0<t>Pvtpo8aHHa« Tpy6a yciaHaa^ 
/iMBaexcn ropwaoHTanbHO Ha po/iMKOBbix ono- 
pax n c onpeAeneHHOia cxopocTbfo 
25 npoABtfraeTca Mepe3 viHAy^TOp. 

0x/iax<AeHtie Tpy6bi hpom3BOAwtc» na 
eo3Ay>ce. CMasxa. xoTopaw 6wna naHeceHa ne- 
peA ro<J)pwpoBaHMeM. awropaei. 

Tax xax b cxoa>KMHe npM yCTaHoexe nna- 
30 ctwp« b miTepBa/ie peMOHia npon3BOAwTCf» 
pa3Aa^a nnaCTbipfl ao xpyr/iovi <}>opMW m npw- 
>xaTvifl x CTeHKe o6caAHoa Tpy6u. to npw stom 
B03Huxa»or 6om>ujne xoHTaxTHtie Harpy3Xtf 
Me)KAy nnacTwpeM w wHCTpyMeHTOM a^« paa- 
35 Aasn, flflfl CHvi)XeHM» 3TMX Harpy3ox na eHyT- 
peHHioK) nosepxHOCTb nAacTwpfl MaHocwrCA 

BTOpWMHO CMaSOMHW^ CflOft* XOTOpb4Vl C/iy*VlT 

xax Ann chn>KeHVtfl ycnnM(i, B03HwxaK>mnx npw 
pa3Aa^e nA3CTtjp«. Tax m npeAOxpaneHnfl 
40 3Toa nOBepxHoc™ ot xoppo3MOHHoro pa3py 
iueHV»P b npouecce axcnnyaTauvw. 

Co^eiaHne TepMMMecxoa o6pa6oT*n nna- 
CTWpett nocne ro4>pwpoBaHM« w Han-ceHwe 
CMaaoMHoro c/io» Ha BHyTpeH hk)k> noeepx- 
45 HOCTb nocne TepMMMecxo^ o6pa6oTKM noaso- 
nrt K)T noBHCMTb nnacTviMHocTb MeTanna 
nnacTwp o6ecneMHTb GnaroAap* 3T0My na- 
A e>XHOCT,> repMeTM3aunn peMOHTwipyeMO* 

* CXBa^KVtHW. 

50 

ct> opMyna v»3o6peTeHH» 



Cnoco6 waroTOB/ie hm a ro<t>pwpOBaHHoro 
CTanbHoro nnacTwpn. npewMyiuecToenHO an* 
55 peMOHTa o6ca^enHoa cusawiHU. axn K)^aK>- 
iumm T epM0o6pa50TKy aaroroaxM. HaHecenne 
CMaaOMHoro cnoa na BHyrpeHH»OK> nOBepxnocTb 
3arotoBxn w ee ro4>pv.pofiaHi4e. oinwHa^mnvv 
c n TeM. vto. c uenbK> noebimeuHR h a Ae^xn octv\ 
repMemsauvin o6ca>xeHHOft ckb.™whw nyreM 
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BbiuieHvtu nnacrviMHoc™ MeTa/ina n/iacTwp*. 
repMOo6pa6oTity toksmu bucokoA nacTOTu 



ocymeCTO/inOT noc/ie rotfcp^poaaHvfji. a aareM 

nOBTOpHO H8H0CHT CM330Sr,bltf C/lOM. 



HcxoAHoe COCTOW- 




Bma 06c 


>86otkw 




Hwe MaTcpMana 


Ao ro4>p44poBaHna 


noc/ie ro^pwpo- | 


TopM006pa6oTKa 
oocyte ro<|>pwpoBar 
hmp (HopMdnHda- 
UM») c HarpeBow 

TOKflMW BWCO- 
KOW saCTOTWI 


r»oc/te pa3A^^ 


Eea TepMOp6pa* 
6othw 


1570 


1750 




2020 


C repM006pa60T- 


13S0 


1660 




1966 


J 6ea xepwoqBpa- 
I 60TKW 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 



Al 



1749267 
1 



The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 

« 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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